
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Jan. 2005, p. 207–213 Vol. 71, No. 1
0099-2240/05/$08.00�0 doi:10.1128/AEM.71.1.207–213.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Feedback-Resistant Acetohydroxy Acid Synthase Increases Valine
Production in Corynebacterium glutamicum
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Acetohydroxy acid synthase (AHAS), which catalyzes the key reactions in the biosynthesis pathways of branched-
chain amino acids (valine, isoleucine, and leucine), is regulated by the end products of these pathways. The
whole Corynebacterium glutamicum ilvBNC operon, coding for acetohydroxy acid synthase (ilvBN) and acetohy-
droxy acid isomeroreductase (ilvC), was cloned in the newly constructed Escherichia coli-C. glutamicum shuttle
vector pECKA (5.4 kb, Kmr). By using site-directed mutagenesis, one to three amino acid alterations (muta-
tions M8, M11, and M13) were introduced into the small (regulatory) AHAS subunit encoded by ilvN. The
activity of AHAS and its inhibition by valine, isoleucine, and leucine were measured in strains carrying the
ilvBNC operon with mutations on the plasmid or the ilvNM13 mutation within the chromosome. The enzyme
containing the M13 mutation was feedback resistant to all three amino acids. Different combinations of
branched-chain amino acids did not inhibit wild-type AHAS to a greater extent than was measured in the
presence of 5 mM valine alone (about 57%). We infer from these results that there is a single binding
(allosteric) site for all three amino acids in the enzyme molecule. The strains carrying the ilvNM13 mutation
in the chromosome produced more valine than their wild-type counterparts. The plasmid-free C. glutamicum
�ilvA �panB ilvNM13 strain formed 90 mM valine within 48 h of cultivation in minimal medium. The same
strain harboring the plasmid pECKAilvBNC produced as much as 130 mM valine under the same conditions.

Corynebacterium glutamicum is used for the production of a
number of amino acids, including valine. Acetohydroxy acid
synthase (AHAS) (EC 4.1.3.18), also called acetolactate syn-
thase, is the key enzyme of the pathways for biosynthesis of
branched-chain amino acids (isoleucine, valine, and leucine)
(Fig. 1) and therefore is a potential target for metabolic engi-
neering. The enzyme catalyzes decarboxylation of pyruvate and
its condensation either with another molecule of pyruvate to
produce acetolactate (a precursor of valine and leucine) or
with 2-ketobutyrate to produce acetohydroxybutyrate (a pre-
cursor of isoleucine). The reactions play a key role in deter-
mining the relative fluxes to different end products (2). Three
AHAS isoenzymes, differing in their genetic determinations,
biochemical properties, and regulation of both biosynthesis
and activity, were described for Escherichia coli and Salmonella
enterica serovar Typhimurium (26). The isoenzymes AHAS I,
II, and III are encoded by the genes ilvBN, ilvGM, and ilvIH,
respectively. Expression of these genes is subject to different
multivalent repression by branched-chain amino acids. Expres-
sion of the ilvGMEDA operon is controlled by transcriptional
attenuation mediated by all three amino acids, whereas the
ilvBN operon is controlled by attenuation mediated only by
valine and leucine. Expression of ilvIH is regulated by Lrp
(leucine-responsive protein) (29). The large subunits (IlvB,
IlvG, and IlvI) are responsible for catalytic activity of the three
isoenzymes, while the small subunits mediate their inhibition

(26). The activities of AHAS I and AHAS III are inhibited by
valine, while AHAS II is valine resistant.

In C. glutamicum, only a single AHAS was found (1). The
enzyme is encoded by the genes ilvB and ilvN, forming an
operon with ilvC (5, 8). Expression of the operon is controlled
by attenuation mediated by all three branched-chain amino
acids (14). Activity of the ilvB promoter is increased about
twofold under conditions of growth limitation by any of the
branched-chain amino acids (valine, isoleucine, and leucine).
At the same time, expression of the operon is induced in the
presence of 2-ketobutyrate (8, 14). Activity of AHAS from
C. glutamicum is inhibited by any of the three amino acids to
approximately 50% (1, 11). However, the inhibitory effect does
not exceed 50% even in the presence of all three amino acids
(1). Similar to the case for AHAS II and AHAS III from E. coli
and S. enterica serovar Typhimurium (26), AHAS from C. glu-
tamicum has much higher affinity to 2-ketobutyrate than to
pyruvate (1). In the presence of 2-ketobutyrate, synthesis of
isoleucine is therefore preferred and synthesis of valine and
leucine is reduced.

The C. glutamicum ilvBNC operon was cloned (8) and, to-
gether with ilvD, has recently been used for construction of
valine- and pantothenate-producing strains (20). Further im-
provement of the valine-producing strain was achieved by de-
letion of the panBC genes, thus making more pyruvate avail-
able for valine synthesis (18). Since the inhibition of AHAS
reached a maximum of only about 50% in enzyme activity
assays in the presence of valine, isoleucine, and leucine, it was
thought that resistance of AHAS to feedback inhibition would
not provide a substantial improvement in valine production.
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CZ-14220 Prague 4, Czech Republic. Phone: (420) 24106 2398. Fax: (420)
241722257. E-mail: patek@biomed.cas.cz.

207



However, chemical mutagenesis and selection with amino acid
analogues led to the isolation of C. glutamicum leucine and
valine producers in which AHAS activity was desensitized to
valine, isoleucine, and leucine (24, 25). In Streptomyces cinna-
monensis, chemical mutagenesis produced strains that were
feedback resistant to valine and that overproduced the imme-
diate valine precursor, 2-ketoisovalerate (16).

In this work, we constructed feedback-resistant mutants of
AHAS by site-directed mutagenesis of ilvN, encoding the reg-
ulatory subunit of C. glutamicum AHAS. The mutated ilvN
allele was cloned in the newly constructed plasmid pECKA
together with other genes of the ilvBNC operon, and the most
favorable mutation was also introduced into the C. glutamicum
chromosome. We have shown that strains carrying the muta-
tion ilvNM13 produced markedly higher amounts of valine.

MATERIALS AND METHODS

Bacterial strains, plasmids, oligonucleotide primers, media, and growth con-
ditions. E. coli DH5� (3) was used for cloning. The C. glutamicum strains and
plasmids used are listed in Table 1. The primers are listed in Table 2. E. coli was
cultivated in Luria-Bertani medium (21) at 37°C, and C. glutamicum was culti-
vated in 2� YT complete medium (21) or CGXII minimal medium (8) at 30°C.
Kanamycin (20 �g/ml) was added to selective media.

DNA manipulations and transformation. DNA isolation, PCR, DNA cloning,
and DNA analysis were done by standard methods (21). E. coli was transformed
with plasmid DNA by the method of Hanahan (3), and C. glutamicum was trans-
formed by electrotransformation (27). DNA sequences were determined with the
ABI PRISM BigDye Terminator version 3.1 cycle sequencing kit and the ABI
PRISM 3100 automatic DNA sequencer (Applied Biosystems).

Construction of plasmid pECKA and cloning of the ilvBNC operon. The
shuttle vector pECKA (replicating in E. coli and C. glutamicum) was constructed
on the basis of the E. coli vector pK19 (17) and the replicon of the C. glutamicum
cryptic plasmid pBL1 (22) from pEC71 (15). First, the recognition site for
restriction enzyme BglII was removed from vector pK19. Plasmid pK19 was
digested with BglII, blunt ended with the Klenow enzyme, and religated, giving
rise to pK19B. Next, a HindII fragment (2.7 kb) of the plasmid pEC71 was cloned
into the NheI site of pK19B after blunting the ends. The resulting plasmid vector,
pECKA (5.4 kb), replicates in E. coli and C. glutamicum and provides seven
unique cloning sites (HindII, SalI, BamHI, SmaI, KpnI, SacI, and EcoRI), a kana-
mycin resistance marker, and �-complementation of �-galactosidase for cloning in
E. coli. A 5.7-kb fragment of the C. glutamicum chromosome carrying the ilvBNC
operon was obtained by digestion of plasmid pKK5 with SspI and BamHI. The
fragment was ligated with HindII- and BamHI-digested vector pECKA, and the
resulting construct was identified in the E. coli transformants. The structure of
the constructed plasmid pECKAilvBNC (11.1 kb) was confirmed by restriction
analysis. The restriction and genetic maps of pECKAilvBNC are shown in Fig. 2.

Mutagenesis. Site-directed mutagenesis was carried out essentially by the
method of Ito et al. (6). Using oligonucleotide primers MILVNF, containing the
natural ScaI site (Table 2), and MISBGL, containing a substitution removing the
BglII site, a 786-bp fragment (carrying the 3� end of ilvB and the complete ilvN
gene; coordinates within the C. glutamicum genome [http://gib.genes.nig.ac.jp],
1339760 to 1340545) was amplified by PCR. Another fragment of 491 bp (3� part
of ilvN; coordinates 1340072 to 1340562) was amplified by using the degenerate
mutational primer ILVNM1 and primer MILVNR. The fragments were purified
and mixed, and the final PCR produced a large fragment (803 bp; coordinates
1339760 to 1340562) with primers MILVNF and MILVNR. The product was
digested with ScaI and BglII and used for the substitution of the identical
fragment within the wild-type ilvBNC operon cloned in vector pECKA. Only the
fragments carrying the original BglII site contained the mutation. Mutations in
individual clones were detected by sequencing.

Construction of chromosomal mutation and deletions. Mutation ilvNM13 and
deletions in the genes ilvN, ilvA, and panB in the chromosome were constructed
by using PCR-generated fragments cloned in the vector pK18mobsacB (23). The
mutation or deletion was introduced into the fragment by the method of Horton
(4). The oligonucleotide primers used are listed in Table 2. DNA fragments
(about 600 bp) located upstream and downstream of the internal gene region to
be deleted (100 to 368 bp), extended by complementary sequences of 20 bp, were
amplified. The fragments were purified and mixed, and a single large fragment
(about 1.2 kb) was amplified by using the outer primers with the EcoRI or PstI
sites attached. The resulting products with the deletions were digested with
EcoRI or PstI and cloned into pK18mobsacB. The constructs were transferred to
C. glutamicum by electrotransformation, and the clones in which the double
recombination event occurred were identified by positive selection based on the

FIG. 1. Biosynthesis of valine and isoleucine. Enzymes and the
corresponding genes: AHAS (ilvB and ilvN), acetohydroxy acid syn-
thase; TD (ilvA), threonine dehydratase; AHAIR (ilvC), acetohydroxy
acid isomeroreductase; DHAD (ilvD), dihydroxyacid dehydratase; TA
(ilvE), transaminase.

TABLE 1. Strains and plasmids

Strain or plasmid Relevant characteristics Reference or source

C. glutamicum
strains

ATCC 13032 Wild type American Type Cul-
ture Collection

�ilvN ilvN deletion This work
�ilvA �panB ilvA and panB deletions This work
ilvNM13 Mutation M13 in ilvN This work
�ilvA �panB

ilvNM13
ilvA and panB deletions, muta-

tion in ilvN
This work

Plasmids
pK19 E. coli vector, Kmr 17
pK19B E. coli vector, Kmr, no BglII site This work
pKK5 ilvBNC in pJC1 8
pEC71 E. coli-C. glutamicum vector, Kmr 15
pECKA E. coli-C. glutamicum vector, Kmr This work
pECKAilvBNC ilvBNC in pECKA This work
pK18mobsacB E. coli vector for integration, Kmr 23
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conditional lethal effect of the sacB gene in C. glutamicum (7). The clones, free
of the vector sequences and carrying the mutation or deletion, were confirmed by
PCR and sequencing.

Determination of AHAS activity. C. glutamicum clones were cultivated in
CGXII medium to an optical density at 600 nm of 4. The cells were washed with
2% KCl at 4°C and disrupted by sonication for 30 min on ice (0.5-s pulses;
amplitude, 100%) with an Ikasonic U50 sonicator (IKA Labortechnik, Staufen,
Germany). The specific AHAS activity in the cell extract was determined as
described previously (11). The reaction mixture (1 ml) contained 100 mM phos-
phate buffer (pH 7.3), 10 mM MgCl2, 100 �M thiamine pyrophosphate, 100 �M
flavin adenine dinucleotide, and 50 mM pyruvate. The reaction was started by
adding 100 �l of cell extract and was stopped by adding 100 �l of 50% H2SO4,
which also converts acetolactate to acetoin. The concentration of acetoin was
determined by the method of Westerfeld (30). The specific AHAS activity was
expressed in units per milligram of protein (micromoles of acetolactate per
minute per milligram of protein).

Determination of valine production. Valine-producing strains were cultivated
for 48 h in CGXII medium (60 ml in 500-ml flasks, 30°C, 120 rpm). L-Isoleucine
(0.9 mM) and D-pantothenate (0.5 �M) were added to the cultures of strains with
deletions �ilvA and �panB. A 1 ml aliquot of supernatant harvested from a
culture was used for determination of the valine concentration. The valine
concentration in the medium was determined by reversed-phase high-pressure
liquid chromatography (HP1090; Hewlett-Packard, Waldbronn, Germany) with

fluorimetric detection (excitation at 230 nm and emission at 450 nm) after
automatic precolumn derivatization with ortho-phthaldialdehyde (12). A Hyper-
sil octyldecyl silane column was used (particle size, 5 �m; 200 by 2.1 mm; Thermo
Electron). The buffer gradient consisted of a polar phase (0.05 M sodium acetate,
pH 7.2) and a nonpolar phase (methanol). Quantification was done by calcula-
tion of the valine concentration from a calibration curve. Cultivations of each
clone and valine determinations were performed at least three times. Since the
final optical densities at 600 nm of the cultures were similar (about 40), we could
rule out an influence of the amount of biomass on valine production.

RESULTS

Inhibition of AHAS by branched-chain amino acids. The
basic biochemical characteristics of AHAS from C. glutamicum,
such as affinity for the substrate (pyruvate) and cofactor (flavin
adenine dinucleotide) as well as the optimal pH and temperature,
have been previously described (1, 11). In addition, the 50%
inhibitory concentrations for AHAS with valine, isoleucine, and
leucine have been determined (0.9, 3.1, and 6 mM, respectively)
(11). To identify a potential cooperative inhibiting effect of the
different branched-chain amino acids on the AHAS activity, the
enzyme was assayed in presence of a 5 mM concentration of
each amino acid or with different combinations of two or three
branched-chain amino acids (Table 3). Interestingly, whatever

FIG. 2. Map of plasmid pECKAilvBNC. The pBL1 replicon is
shown as an empty box, the pK19B part is depicted as a thin line, and
the cloned fragment with the ilvBNC operon is shown as a filled box.

TABLE 3. Inhibition of activity of C. glutamicum wild-type
AHAS by branched-chain amino acids

Presence of inhibitor (5 mM) Residual activity (%)a

Valine Isoleucine Leucine Measuredb Calculatedc

� � � 44
� � � 61
� � � 62
� � � 43 26.8
� � � 42 27.3
� � � 43 16.7

a The activity without addition of any inhibitor is considered 100%.
b The values are averages of at least three independent measurements; the

standard deviations were within 	 7%.
c Calculated for cumulative inhibition. This activity was calculated as follows:

activity (percent) 
 [1�(percent inhibition with valine/100)] � [1�(percent
inhibition with leucine/100)] � [1�(percent inhibition with isoleucine/100)] � 100.

TABLE 2. Oligonucleotide primers

Primer 5�33� sequencea Purpose

MILVNF GCGGAGGAAGTACTGCC ilvN mutation
MILVNR CAATCAGATTAATTGCTGTTTA ilvN mutation
ILVNM1 GGACGTAGACGGTGACATTTCCCGCG ilvN mutation

A T
MISBGL GTTTAGAACTTGGCCGGAG ilvN mutation
ILVNM13F AGGACGTGACGATGACTTTTCCCGCGTAT ilvN mutation
ILVNM13R ATACGCGGGAAAAGTCATCGTCTACGTCCT ilvN mutation
DELN1F CTGAATTCCGGTGGACTGGGCACC ilvN deletion
DELN1R TTGAATGCGCTCTCTCCTTATGCCTCGGTC ilvN deletion
DELN2F TAAGGAGAGAGCGCATTCAACCTCGTGTCC ilvN deletion
DELN2R CCGAATTCAAGGAGAGGTCAGCGTC ilvN deletion
DELPANBF1 AACTGCAGCGCAAGAAGGTCT panB deletion
DELPANBR1 AATCGTCTGCATCGCGACCCAGCACAACGT panB deletion
DELPANBF2 GGGTCGCGATGCAGACGATTCGACGCATTG panB deletion
DELPANBR2 AACTGCAGGGGATTGACAA panB deletion
DELILVAF1 AGGAATTCAGAGGACTGAGCCTG ilvA deletion
DELILVAR1 TGGTTCGATAGGCCACGCCCTGGGCATGGT ilvA deletion
DELILVAF2 GGGCGTGGCCTATCGAACCAGCGGGAGCAG ilvA deletion
DELILVAR2 AAGAATTCGTACTCAGGAGTGCC ilvA deletion

a Mutated bases are in boldface; restriction sites (ScaI, EcoRI, or PstI) are in italics.
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the test, AHAS inhibition remained at about 57%, indicat-
ing that no cumulative effect occurred.

Construction of AHAS mutants resistant to feedback inhi-
bition. Target sites for mutagenesis were designed on the basis
of alignment of the amino acid sequence of the regulatory
C. glutamicum AHAS subunit with the homologous amino acid
sequences from E. coli and S. cinnamonensis. Within the con-
served region near the N terminus of a small AHAS subunit, a
mutation in the E. coli IlvH caused a complete loss of valine
binding (13, 28). Similarly, amino acid alterations which were
identified in S. cinnamonensis mutants resistant to inhibition by
valine were found within the conserved N terminus of IlvN (9).
Alignment of the N terminus of the regulatory AHAS subunit
of C. glutamicum (encoded by ilvN) and the homologous re-
gions of mutants of the E. coli and S. cinnamonensis subunits is
shown in Fig. 3.

Three amino acids (positions 20 to 22 in C. glutamicum IlvN)
were chosen for substitution. The designed degenerate primer
ILVNM1 allowed changes in all three amino acids. The wild-
type fragment of the ilvN gene was substituted for the mutated
fragment in pECKAilvBNC, and 10 clones were sequenced.
Three different mutants obtained were named M8, M11, and
M13. The DNA sequence and the respective amino acid com-
positions at positions 20 to 22 of IlvN in these mutants are
shown in Table 4. To measure only the activity of AHAS with
an identical mutated regulatory subunit, the deletion �ilvN was
constructed in the C. glutamicum chromosome. Since the
100-bp deletion (coordinates 1340019 to 130118) included the
ilvN initiation codon, no regulatory subunit of chromosomal
origin could be formed. The C. glutamicum �ilvN strain grew
extremely slowly in the minimal medium and was nearly auxo-
trophic for valine, isoleucine, leucine, and pantothenate. This
deficiency was complemented by plasmid pECKAilvBNC. Us-
ing the C. glutamicum �ilvN strain, the specific activity of AHAS
coded by genes of the wild type or carrying the mutation M8,
M11, or M13 in ilvN (on plasmid pECKAilvBNC in all cases)
was measured. The values obtained in the absence of amino
acids (shown as 100% in Table 5) were 0.11 U (mg of pro-
tein)�1 in the case of the wild-type ilvN and 0.04 to 0.06 U (mg

of protein)�1 in the cases of the mutated ilvN. As shown in
Table 5, mutations M8 and M13 caused complete resistance to
inhibition by any of the three branched-chain amino acids,
while in mutant M11, inhibition by isoleucine and leucine de-
creased only slightly and inhibition by valine even increased.
The most favorable mutation (M13) was chosen for further
work.

Introduction of the ilvNM13 mutation into the chromosome.
In some cases, moderate expression of a deregulated gene
proved more useful for amino acid production than overex-
pression of the gene carried by a multicopy plasmid (19). We
therefore tested expression of ilvNM13 in the chromosome. By
using PCR, the 1.3-kb fragment containing the M13 mutation
in ilvN was amplified and cloned in pK18mobsacB. The result-
ing plasmid construct was used for targeted substitution of the
�ilvN sequence for the complete ilvN sequence with the M13
mutation. The correct clone was selected according to its
growth on minimal medium. The exchanged region within the
chromosome was then amplified by PCR and checked by se-
quencing. Specific activities of AHAS of the wild type and with
the mutation were determined (Table 6). As expected, the
activity of the enzyme with the M13 mutation was not inhibited
by any of the branched-chain amino acids at 10 mM. Moreover,
in the presence of 10 mM valine, the specific activity of the
mutated enzyme was 76% higher than that of the wild type
[0.017 U (mg of protein)�1 for the wild type and 0.030 U (mg
of protein)�1 for the mutant] (Fig. 4A). Whereas only traces of
valine (1 mM) were detected in minimal medium after 48 h
of cultivation of the wild-type strain of C. glutamicum, the
ilvNM13 mutant formed 15.3 mM valine under the same con-
ditions (Fig. 4B).

Construction of valine-producing strains. To eliminate the
formation of 2-ketobutyrate, the intermediate of the isoleucine
synthesis pathway competing with valine synthesis, the chro-
mosomal ilvA gene of C. glutamicum was inactivated by a
368-bp deletion (coordinates 2245496 to 2245863). Another
competing pathway leading from 2-ketoisovalerate to panto-

FIG. 3. Design of mutations within C. glutamicum IlvN. The N-terminal parts of the regulatory subunits of AHAS are shown. Amino acids
whose substitution decreased inhibition of AHAS by valine in E. coli (25) or S. cinnamonensis (7) are shaded, and those which are identical in two
or all three sequences are in boldface. Amino acids replaced in mutants of C. glutamicum AHAS are boxed. Mutation in E. coli, 14G3D; mutations
in S. cinnamonensis, 16G3D, 17V3D, 18L3F, and 30F3L.

TABLE 4. Mutations in the C. glutamicum AHAS

Strain DNA sequencea
Amino acid at positionb:

20 21 22

Wild type GGA ATC ATT Gly Ile Ile
M8 GGT GAC TTT Gly Asp Phe
M11 GGT GAC ATT Gly Asp Ile
M13 GAT GAC TTT Asp Asp Phe

a Mutated positions are in boldface.
b Mutated amino acids at positions 20 to 22 in ilvN are in boldface.

TABLE 5. Inhibition of AHAS activity by branched-chain amino
acids in the C. glutamicum �ilvN strain harboring

pECKAilvBNC with mutations

Mutation on
plasmid

Relative activity (%) in presence of 10 mM amino acida

None Valine Isoleucine Leucine

None 100 52 57 65
M8 100 112 112 105
M11 100 32 61 82
M13 100 95 108 98

a The values are averages of at least three independent measurements; the
standard deviations were within 	 18%.
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thenate was cut off by constructing a 200-bp deletion (coordi-
nates 127619 to 127818) within the panB gene. The resulting
C. glutamicum �ilvA �panB strain is auxotrophic for isoleucine
and pantothenate. The ilvNM13 mutation was used for further
development of valine-producing strains. We used the wild-
type, ilvNM13, �ilvA �panB, and �ilvA �panB ilvNM13 C. glu-
tamicum strains as hosts for plasmids pECKAilvBNC and
pECKAilvBNM13C to construct various valine producers.

Determination of AHAS activity and valine production. The
AHAS activity, its inhibition by valine, and valine production
measured in various C. glutamicum strains, as described in
Materials and Methods, are shown in Fig. 4. No inhibition of
AHAS activity by valine was found in all strains synthesizing
only the mutated regulatory AHAS subunit (Fig. 4A). The
strains carrying the ilvNM13 mutation in the chromosome pro-

duced much more valine than their wild-type counterparts,
which proved a positive effect of feedback-resistant AHAS on
valine production (Fig. 4B). The highest production of valine
(130 mM within 48 h of cultivation) was detected in C. glu-
tamicum �ilvA �panB ilvNM13(pECKAilvBNC) cultures. The
best plasmidless strain, C. glutamicum �ilvA �panB ilvNM13,
produced 90 mM valine. The profiles of valine accumulation
and AHAS activity in the course of the batch cultivation of
C. glutamicum �ilvA �panB ilvNM13(pECKAilvBNC) were
also determined (Fig. 5). As shown in Fig. 5, valine was formed
in parallel to the growth of the culture, and linear accumula-
tion of valine continued even in stationary phase.

DISCUSSION

In the strain carrying the ilvBNC operon on the vector
pECKA, AHAS activity increased 4-fold while valine produc-
tion increased 23-fold. A similar effect was observed after clon-
ing of the ilvBNC operon in other plasmids (18, 20). As a result
of mutations within the regulatory subunit of the enzyme,
AHAS lost its regulation by inhibition. To avoid possible
instability of the plasmid carrying the mutated ilvN gene
(ilvNM13), we introduced the mutations into the chromosome.
In the presence of 10 mM valine, the specific AHAS activity of
the C. glutamicum ilvNM13 strain was higher than the activity

TABLE 6. Inhibition of AHAS activity by branched-chain
amino acids in plasmid-free strains

Strain
Relative activity (%) in presence of 10 mM amino acida

None Valine Isoleucine Leucine

Wild type 100 43 47 57
ilvNM13 100 104 105 98

a The values are averages of at least three independent measurements; the
standard deviations were within 	15%.

FIG. 4. AHAS activity and valine production in C. glutamicum strains. The means of data obtained from at least three independent cultivations
are shown. Error bars show standard deviations. (A) AHAS activity without valine (open bars) and with 10 mM valine (shaded bars). (B) Valine
production after 48-h cultivations in minimal medium. WT, wild type.
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of the wild-type enzyme, and the mutant strain produced 12-
fold more valine than the wild-type strain. The mutated en-
zyme was also resistant to inhibition by isoleucine and leucine.
This indicates that a single binding (allosteric) site for the
three amino acids is present on the enzyme. As valine is the
strongest inhibitor (50% inhibitory concentration, 0.9 mM) of
AHAS activity (11), we assume that the binding site is occupied
mainly by valine in the presence of 5 mM valine, 5 mM leucine,
and/or 5 mM isoleucine. In addition, the intracellular titer of
valine (in a valine-producing strain) is far higher than the
concentration of leucine and isoleucine (11). Thus, in vivo,
AHAS activity might be regulated mainly by valine.

The 25-fold increase of valine production in the �ilvA strain
was probably caused by blocking of the pathway to isoleucine
and by growth limitation. In the �ilvA strains, no 2-ketobu-
tyrate is formed (Fig. 1). It has been reported that 2-ketobu-
tyrate strongly affects the C. glutamicum AHAS activity. Egg-
eling et al. (1) showed that AHAS activity increased 10-fold
after addition of 50 mM 2-ketobutyrate. Keilheuer et al. (8)
proved that it is the higher transcription of the ilvBNC operon
which is responsible for this increase. It was assumed that in
the presence of a high concentration of 2-ketobutyrate, highly
preferred synthesis of isoleucine resulted in a valine and leu-
cine deficiency in the cell, which in turn derepressed the
ilvBNC expression. However, under conditions of valine and
leucine starvation, at most a 2.2-fold increase of AHAS activity
was demonstrated (14). We have shown that the lack of 2-ke-
tobutyrate in the cell (in �ilvA strains) resulted in a drop in
AHAS activity. When the �ilvA strain was cultivated in the
presence of 1 mM 2-ketobutyrate, AHAS activity increased by
50% (data not shown). Since we have also observed an increase
of AHAS activity in the presence of 2-ketobutyrate in cells
producing valine, the positive effect of 2-ketobutyrate on
AHAS activity cannot be explained only by valine and leucine
deficiency. Apparently, still another mechanism of induction of
ilvBN transcription by 2-ketobutyrate is involved. This control

may be mediated by binding of a regulatory molecule at the
sequence upstream of the ilvB promoter (14).

Growth inhibition, a 2.5-fold increase of the ilvBN transcript
level, and a 3.5-fold increase of specific AHAS activity were
shown in �ilvA strains in the presence of 40 mM valine (10).
These consequences of a high valine concentration in the
medium were attributed to the competition of valine with
isoleucine for uptake by the cells and resulting isoleucine
starvation (10). In the C. glutamicum �ilvA �panB ilvNM13
(pECKAilvBNC) strain, we found that the specific AHAS ac-
tivity was nearly twofold higher after 28 h of cultivation than
after 12 h of cultivation (Fig. 5). At this point, about 30 mM
valine accumulated in the medium and growth slowed, proba-
bly due to the isoleucine limitation. However, during the sta-
tionary phase, the concentration of valine in the medium in-
creased further linearly, whereas AHAS activity dropped to
the value measured after 12 h.

Since C. glutamicum AHAS can be inhibited at most to
about 50% (1), it was believed that a feedback-resistant AHAS
mutant could not increase valine formation in the producing
strains. In this respect, our results, showing the positive effect
of a feedback-resistant mutation in the regulatory AHAS sub-
unit on valine production, are unexpected. The C. glutamicum
�ilvA �panB ilvNM13 strain may be used as a basis for new
generation of plasmid-free producers. The use of a producer
strain which carries all modifications within the chromosome
would decrease a theoretical hazard connected with plasmids
carrying antibiotic resistance markers and other heterologous
genes, which might be disseminated in the environment.
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We thank Volker Wendisch (Jülich, Germany) and Bernd Eikmanns
and Diana Fiur (Ulm, Germany) for help with the determination of
valine concentrations, Stanislav Pospı́šil for valuable advice, and Dana
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